Summary. The numbers of spermatozoa trapped in the vitelline membrane of laid eggs were counted after staining with the fluorochrome 2,4-diamidino-2-phenylindole. In a group of 24 hens inseminated with different numbers of spermatozoa to produce different lengths of fertile periods, the numbers of spermatozoa in successive eggs from each hen decreased logarithmically with respect to days following insemination. A relationship could be described between the numbers of spermatozoa per unit area of membrane of an egg and the probability of that egg being fertile. After insemination the number of spermatozoa on successively-laid eggs appears to become reduced until a critical value is reached, after which the hen will lay infertile eggs. By estimating the day on which the critical value was achieved, the actual length of the fertile period could be predicted. It is suggested that the numbers of spermatozoa trapped in the vitelline membrane of laid eggs represent those which surround the ovum at the time of fertilization.
Introduction
A particular feature of avian reproduction is the ability of the hen, following a single mating or artificial insemination, to lay a succession of fertile eggs over a period which may vary from days to weeks, depending on the species (see Lake, 1975 ). This 'fertile period' is achieved by the prolonged survival of spermatozoa in the oviduct, particularly in utero-vaginal and infundibular 'sperm host glands'. Although present in many species (see Lake, 1975) these glands have been particularly well described in the fowl (e.g. Bobr et ai, 1964a) and turkey (e.g. Verma & Cherms, 1964) , in which the efficiency of oviducal sperm storage and resultant fertility are of commercial importance. The relationship between the numbers of spermatozoa held within the oviduct and their rate of decline is, however, unknown. This work describes such a relationship by equating the relative numbers of free infundibular spermatozoa on each day after insemination with numbers of spermatozoa counted in the vitelline membrane of laid eggs, after staining with a DNA-specific fluorochrome.
Materials and Methods
Birds. Males were from a Rhode Island Red-type control strain and females were a commercial layer strain, both from Ross Poultry Ltd, Newbridge, Midlothian. All birds were caged individually, given 14 h light/24 h and fed a commercial breeders ration ad libitum.
Semen collection and artificial insemination. Semen (containing approximately 4 IO9 spermatozoa/ml) was collected as described by Lake (1957) and diluted 2-, 4-, 8-and 16-fold in a glutamate-based diluent (Wishart, 1982 Counting ofspermatozoa in the vitelline membrane. Each egg was opened and assessed for the presence or absence of a developed embryo by the appearance of the germinal disc (Kosin, 1945 
Results
The appearance of sperm nuclei on the vitelline membrane of the laid egg after staining with diamidinophenylindole is shown in Fig. 1 . Their characteristic comma-shape clearly distinguishes them from somatic nuclei (e.g. those of presumed granulosa cells, shown in Fig. 1 106 spermatozoa is shown in Fig. 2(a) . The decrease in numbers, with respect to days after insemination, is approximately logarithmic (Fig. 2b) : in a study of 24 hens, with various lengths of fertile periods, the correlation (r) between Nsperm and days after insemination ranged from r = 0-79 to 0-98 with an average value of r = 0-92.
The relationship between the numbers of sperm nuclei counted per 5-49 mm2 of membrane in eggs in which there were fewer than 2 spermatozoa, and the fertile status of these eggs is shown in Fig. 3 (McNally, 1943; Bellairs et ai, 1963) . The total width of these layers has been variously reported as between 12 and 24µ , discrepancies probably arising from the presence or absence of an outer chalaziferous layer (see Bain & Hall, 1969) . The inner layer is part of the follicular ovum whilst the outer layers are laid down in the infundibulum (Bellairs et ai, 1963; Bain & Hall, 1969) . Although Bobr et al. (1964b) observed that spermatozoa appeared to be embedded in both layers of the membrane, Bakst & Howarth (1977) reported, with pictorial evidence, the presence of spermatozoa between the fibres of the outer layers in the vicinity of the continuous membrane, but not pene¬ trating it. Since normal fertilization takes place in the body cavity or upper infundibulum (Olsen & Neher, 1948) this must be sequentially followed by a laying down of the outer layers of the vitelline membrane. The numbers of spermatozoa trapped in the initial layers of these membranes are there¬ fore likely to be representative of the numbers which surround the ovum at the time of fertilization. Such an hypothesis would predict a random distribution of spermatozoa within the membrane area, as shown by Bobr et ai (1964b) and confirmed in the present work.
Bobr et al. (1964b) used a haematoxylin-based stain with light microscopy to identify sperm¬ atozoa trapped in the vitelline membrane. We have found that spermatozoa stained by this method are less easy to distinguish from background artefacts. The present method has the advantage of the specificity of the fluorochrome for DNA, Bobr et ai (1964b) reported that up to 5000 sperm¬ atozoa per egg could be counted on the membrane if inseminations were made into the uterus but that only a 'few hundred' were found after intravaginal insemination. Furthermore, they did not find that the numbers of spermatozoa in a series of eggs decreased until the 11th or 12th day after insemination, after which numbers fell to zero by the 15th day. It is possible that the discrepancy between these and the present results reflects different strains of birds used, but it may also reflect the increased resolution of sperm nuclei stained by the present method. Assuming a radius for the average egg to be 15 mm, then the total area of vitelline membrane will be 2829 mm2. The 191 spermatozoa found in 5-49 mm2 of the first fertile egg laid by a bird inseminated with 60 IO6 spermatozoa therefore represents a total of 99 129 spermatozoa per membrane, about 0-2% of the inseminated dose.
The mechanism of release of spermatozoa from the sperm-host glands has received considerable attention, with an episodic release coinciding with ovulation or oviposition as an attractive and efficient, although disputed hypothesis (see Bakst, 1981) . The present method, being non-invasive and quantitative, shows that 'squeezing' of spermatozoa out of the utero-vaginal glands during oviposition (Grigg, 1957) is not wholly necessary for ensuring a supply of spermatozoa for the nextovulated egg: the numbers of spermatozoa in eggs laid after a non-laying day are not lower than the general logarithmic decline model would predict (see Fig. 2 ).
The method used for describing the length of the 'actual' fertile period should determine the number of days until an egg with a 50:50 chance of being fertile is laid. From Fig. 3 These results show that the length of the fertile period in domestic fowls may be considered to be a function of two parameters: (1) the numbers of spermatozoa which are initially accepted by the oviduct after intravaginal insemination and stored in the sperm-host glands and (2) the rate at which these numbers decline or rather are released from the glands. The length of the fertile period appears to be more a function of the former rather than the latter, the rate of decline showing little or no correlation with the length of the fertile period or the numbers of spermatozoa inseminated. The large variation in the numbers of spermatozoa found in the vitelline membrane complex of the first fertile egg from hens inseminated with the same dose of spermatozoa may, therefore, result from differences in the numbers of spermatozoa entering the oviduct or from the capacity of the sperm-host glands.
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